PURPOSE. We investigated whether the sensory impairments of amblyopia are associated with a decrease in eye position stability (PS).
METHODS. The positions of both eyes were recorded simultaneously in three viewing conditions: binocular, monocular fellow eye viewing (right eye for controls), and monocular amblyopic eye viewing (left eye for controls). For monocular conditions, movements of the covered eye were also recorded (open-loop testing). Bivariate contour ellipses (BCEAs), representing the region over which eye positions were found 68.2% of the time, were calculated and normalized by log transformation.
RESULTS. For controls, there were no differences between eyes. Binocular PS (log 10 BCEA ¼ À0.88) was better than monocular PS (log 10 BCEA¼À0.59) indicating binocular summation, and the PS of the viewing eye was better than that of the covered eye (log 10 BCEA ¼ À0.33). For patients, the amblyopic eye exhibited a significant decrease in PS during amblyopic eye (log 10 BCEA ¼À0.20), fellow eye (log 10 BCEA ¼ 0.0004), and binocular (log 10 BCEA ¼ À0. 44) viewing. The PS of the fellow eye depended on viewing condition: it was comparable to controls during binocular (log 10 BCEA ¼ À0.77) and fellow eye viewing (log 10 BCEA ¼ À0.52), but it decreased during amblyopic eye viewing (log 10 BCEA ¼ 0.08). Patients exhibited binocular summation during fellow eye viewing, but not during amblyopic eye viewing. Decrease in PS in patients was mainly due to slow eye drifts.
CONCLUSIONS. Deficits in spatiotemporal vision in amblyopia are associated with poor PS. PS of amblyopic and fellow eyes is differentially affected depending on viewing condition. (Invest Ophthalmol Vis Sci. 2012;53:5386-5394) DOI:10.1167/ iovs. A mblyopia is a developmental spatiotemporal visual impairment caused by early abnormal vision. It is frequently associated with early childhood strabismus (ocular misalignment), anisometropia (unequal refractive error), or form deprivation. Amblyopia cannot be optically corrected immediately and it is not caused by an obvious change or defect in the eyes. Strabismic and anisometropic amblyopia are produced by a disruption of binocular input during the critical period in the development of binocularity.
1,2 A large body of research [3] [4] [5] [6] [7] [8] [9] [10] has been dedicated to the sensory characteristics of patients with amblyopia, which include deficits in visual acuity, contrast sensitivity, form and motion perception, spatial and temporal crowding, and stereopsis. Deficits in saccadic eye movements and visuomotor behavior have recently been investigated. [11] [12] [13] [14] During normal fixation, the eyes exhibit a series of involuntary movements ranging in amplitude from highfrequency tremors and microsaccades to slow drifts, the combination of which determines the precision or stability of the eyes. 15, 16 A fourth kind of oscillatory eye movement of low amplitude (< 0.028) and lower frequency (0.04-0.1 Hz) than any other movement has been recently discovered, 17 but requires long fixation trials to be detected. In patients with amblyopia, the stability of the eyes during attempted steady fixation has been shown to differ depending on the viewing eye, instructions, and viewing conditions. Ciuffreda and associates 18 have examined the fixation stability of patients with and without strabismus and/or amblyopia but without specific instructions to hold the gaze steadily. For the amblyopic eye, they found an increase in saccadic intrusions, which are associated with strabismus but not with amblyopia. 19 They also found drifts accounting for 75% of the total fixation time in amblyopia without strabismus, 50% of the total fixation time in constant strabismus amblyopia, and only 20% of the total fixation time in intermittent strabismus. From these data, they conclude that amblyopia rather than strabismus is the necessary condition producing an increase in drifts as people attempt to fixate. 20 In all three studies, references to normal viewing involves the fellow (nonamblyopic) eye, binocular viewing, or previous research findings with people with normal binocular vision, but no control group data were obtained under the same testing conditions. During fixation of a stationary target, slips of retinal images stimulate the brain to generate eye movements that counter the slips in order to hold the gaze steady. This response to retinal image drifts caused by gaze instability during active fixation has been referred to as slow-control, or field-holding reflex. 21, 22 Sporadic saccades away from fixation and their corrective counterparts (square-wave jerks) are also known to happen in pathological conditions and, in smaller numbers, in normal observers. 23 In this study, we use the term open loop as it is used in control theory where it refers to the removal of the visual feedback loop. 24 In this study, we used a quantitative measure of fixation stability in patients with amblyopia and in people with normal binocular vision, tested under binocular and monocular viewing conditions and under instructions to hold the gaze steadily. We hypothesized that the sensory impairments associated with amblyopia should be reflected in the patients' fixation control during binocular and monocular viewing with the fellow and amblyopic eye. The present study also differed from the previous literature in that we recorded the movements of the two eyes concurrently, even during monocular viewing; in other words, we recorded the covered eye's position behind the occluder in an open-loop condition. This method allowed us to obtain measures of the magnitude of binocular summation and offered some insight into the mechanisms that control eye position in the absence of corrective visual feedback. We use the term open loop as it is used in control theory where it refers to the removal of the visual feedback loop. 24 
METHODS

Participants
Two groups of volunteers (amblyopia and control) were recruited from advertisements posted at the University of Toronto Web site and from the Vision Science Research Program. Informed consent was obtained from all participants and the research was approved by the University Health Network Research Ethics Board and conducted in accordance with the tenets of the Declaration of Helsinki.
Amblyopia Group. The criterion for amblyopia was an interocular acuity difference equal to or greater than 2 logMAR lines. Strabismic amblyopia was defined as amblyopia in the presence of eye misalignment at distance and/or near fixation. Anisometropic amblyopia was defined as a difference in refractive error between the two eyes equal to or greater than 1 diopter of spherical or cylindrical power. Mixed amblyopia was defined as amblyopia in the presence of a combination of strabismus and anisometropia. Participants with a visual acuity between 0.2 and 1.0 logMAR (20/32-20/200 Snellen) in the amblyopic eye, 0.1 logMAR (20/25 Snellen) or better in the fellow eye, and an interocular acuity difference equal to or greater than 0.2 logMAR were recruited. Patients with severe amblyopia were excluded to ensure more homogeneity. Those with latent nystagmus were also excluded to avoid the confounding effect of the nystagmus on fixation stability.
Thirteen people (11 women; mean age ¼ 31.5 6 10.7 years) with a confirmed diagnosis of mild to moderate amblyopia participated. Five of them had strabismic, four had anisometropic, and four had mixed amblyopia. All patients underwent a standard orthoptic assessment, including visual acuity with a Snellen chart, a prism cover test, refractive error, and stereoacuity with the Fly Stereotest (provided in the public domain by http://www.stereooptical.com/). The Table  shows 
Apparatus
Eye position was recorded with a desktop remote EyeLink 1000 eyetracker (SR Research Ltd., Mississauga, Ontario, Canada) at a sampling rate of 250 Hz. Calibration was performed with binocular viewing by using a standard 5-point grid with a modified calibration target: a nine-cycle square-wave radial grating subtending 4.38 of visual angle, the properties of which have been described elsewhere. 25 During calibration, participants were instructed to fixate the middle of the radial grating and to keep their eyes as steady as possible. A recording trial was initiated only when the eyetracker classified the calibration and its subsequent validation as ''good'' for each eye; otherwise, new calibration and validation procedures were initiated.
Stimuli were presented on a Samsung monitor (Sync Master 900 NF; Samsung, Seoul, South Korea) with a useful field of view of 34.4 3 26 cm at a viewing distance of 60 cm. Testing was done in a wellilluminated room and participants sat with their chin and forehead steadied by a headrest. All participants wore their optical correction, if any was needed.
Procedure
The fixation target was a 38 red cross, presented in the middle of the monitor, on a white background with a luminance of 240 cd/m 2 .
There were three viewing conditions: (1) binocular, (2) monocular with fellow eye viewing, amblyopic eye covered (right eye viewing for the controls), and (3) monocular with amblyopic eye viewing, fellow eye covered (left eye viewing for the controls). During both binocular and monocular viewing, eye position recordings were always made for the two eyes simultaneously. For the monocular viewing conditions, an infrared (IR) long-pass filter, which appeared black to the observer, allowed the eyetracker to record the movements of the covered eye (open-loop condition). In other words, regardless of whether viewing was binocular or monocular, each trial produced data for both the left and right eye.
The first trial was always a binocular viewing trial followed by a trial with either the amblyopic or the fellow eye viewing (left or right eye for the controls) in random sequence. Approximately 2 seconds after the beginning of a trial, the experimenter pressed a button to start a 15-second recording of eye position. Participants were instructed to fixate the center of the red cross, at the intersection of the vertical and horizontal lines, and to keep their eyes as steady as possible.
For each of the three viewing conditions a trial was repeated until a good one was recorded. Control participants rarely required more than one test per condition, but several participants in the amblyopic group were tested more than once. In one case (patient 4 in the mixed amblyopia subgroup), even after two experimental sessions on separate days, we were unable to record the movements of the covered fellow eye during the amblyopic eye viewing condition (Table  and Fig. 1 ). This was because, as soon as it was covered by the IR filter, the fellow eye quickly adopted an exophoric position that brought it out of the range of the eyetracker.
The test was not considered by the participants to be too long and it appears that even longer testing times can be easily tolerated. Research withélite shooters and inexperienced controls shows that fixation stability changes little in up to 60 seconds of recording time. 26 
Outcome Measures
The position stability of the eyes was measured in two ways: (1) with a global measure using a bivariate contour ellipse (BCEA), and (2) by analyzing the number and amplitude of the participants' microsaccades during the 15 seconds of recording time after the button press. Measures of binocular summation and of the importance of visual feedback were also computed.
Global BCEA. Using the horizontal and vertical eye positions recorded by the eyetracker, the BCEA 27 is given by the following formula:
where r x and r y are standard deviations of the horizontal and vertical eye positions, q is their Pearson product-moment correlation, and v 2 ¼ 2.291 is the chi-square value (2df ) corresponding to a probability value of P ¼ 0.682 (61 standard deviation). The BCEA represents the region over which eye positions are found for a given percentage of the time, in our case 68.2%. A log 10 transformation was used to normalize the resulting BCEAs. Rate and Magnitude of Microsaccades and Blinks. Given that participants were instructed to hold the gaze steadily, any saccade-like movement was considered a microsaccade regardless of size, a definition used in previous research. 16 The rate and magnitude of the microsaccades and the presence of blinks were detected with a combination of the eyetracker's and in-house software, and visually examined. We used the standard EyeLink saccade detection algorithm with a combined velocity >22 deg/s and an acceleration criterion >4000 deg/s 2 . For blinks, the data obtained 100 ms before and after the pupil's occlusion were removed from analysis. 28 Example: LET4,ETþE12 means that the manifest/tropia part of the deviation is 4 PD (measured by simultaneous prism cover test), but that the total dissociated deviation (measured by the alternate prism cover test) is 12 PD. In other words, deviation increases with dissociation, and in this instance, the patient can control 8 PD of esophoria. Aniso, anisometropic amblyopia; bil, bilateral; DVD, dissociated vertical deviation; E, esophoria; hypo, hypotropia; LET, left esotropia; LMS, left monofixation syndrome; LXT, left exotropia; Mixed, mixed amblyopia; RET, right esotropia; RXT, right exotropia; Strab, strabismic amblyopia; X, exophoria.
* Unable to record fellow eye when covered.
Binocular Summation Ratios. For ease of comparison to other published results in which better performance is associated with larger values, binocular summation was calculated as the monocular minus the binocular log 10 BCEA for each participant. The group mean of the differences was then transformed into a linear scale, which is equivalent to the mean of the ratios (BCEA monocular viewing /BCEA binocular viewing ).
Visual Feedback Ratios. Visual feedback ratios were calculated as the difference between the monocular position stability (log 10 BCEA) of the covered eye in the open-loop condition and the fixation stability (log 10 BCEA) of the viewing eye. The group mean of the differences was then transformed into a linear scale, which is equivalent to the mean of the ratios (BCEA covered [open loop] eye /BCEA viewing eye ).
Data Analysis
For analysis, the data were rearranged into three viewing conditions: binocular, viewing eye during monocular viewing, and covered eye during monocular-that is, open loop-testing. Each viewing condition had two levels: fellow and amblyopic eye for the amblyopia group, and right and left eye for the controls (see Fig. 3) .
Except for the count data (microsaccade rate and blinks), which were analyzed with nonparametric statistics, univariate analyses of variance (ANOVAs) with a Geisser-Greenhouse conservative F statistic were reported. An a level was set at 0.05 for all statistical tests and, for multiple comparisons, family-wise error was controlled by using a Holm's sequential Bonferroni approach.
RESULTS
Representative eye position tracings from a control and a patient with strabismic amblyopia are shown in Figures 1 and  2 . The amblyopic eye exhibited significantly lower fixation stability during both monocular and binocular viewing. The fixation stability of the fellow eye was comparable to that of the controls when it was the viewing eye and during binocular viewing. During monocular open-loop testing, the position stability of the amblyopic and fellow eyes was not significantly different.
Control Group
A 2 3 3 repeated-measures ANOVA of the logarithmically transformed BCEAs was used to determine whether there were any differences between the positional stability of the left and right eyes in the binocular, monocular for the viewing eye, and monocular for the covered eye (open loop) testing conditions. The analysis yielded no significant differences between the left and right eyes; a significant difference amongst testing Multiple comparisons of the testing conditions showed that the best fixation stability was obtained during binocular viewing (log 10 BCEA ¼ À0.88 6 0.28), which was significantly better (P < 0.001) than the fixation stability of the viewing eye during monocular viewing (log 10 BCEA ¼ À0.59 6 0.26). The position stability of the viewing eye during monocular viewing, in turn, was better (P < 0.001) than that of the covered eye in the open-loop condition (log 10 BCEA ¼À0.33 6 0.33). Figure 3 shows the results.
Mean binocular summation (BCEA monocular viewing / BCEA binocular viewing ) was 1.91 (60.27) 
Amblyopia Group
To use all the patients' data in a repeated-measures ANOVA, the missing point from patient 4 in the mixed amblyopia subgroup (Table) was substituted for the mean value of the group. This procedure preserves the rank order of the data values and does not change the group mean. 30 38 . Analysis of the significant interaction showed that the fellow eye exhibited significantly better fixation stability than the amblyopic eye during binocular viewing (P ¼ 0.008) and when it was the viewing eye (P ¼ 0.001); but there were no significant differences in position stability when the fellow and amblyopic eyes were covered in open-loop testing.
The fixation stability of the amblyopic eye did not exhibit binocular summation-the difference between binocular (log 10 BCEA ¼ À0.44 6 0.47) and monocular viewing (log 10 B-CEA ¼ À0.20 6 0.30) failed to reach statistical significance. In contrast, the stability of the fellow eye exhibited binocular summation; that is, the fixation stability of the fellow eye was better (P < 0.001) during binocular viewing (log 10 BCEA ¼ À0.77 6 0.23) than with monocular viewing (log 10 BCEA ¼ À0.52 6 0.28), yielding a measure of binocular summation of 1.79 (60.24) (BCEA fellow eye viewing /BCEA binocular viewing ).
There was no statistically significant difference between the position stability exhibited by the amblyopic eye when it was the viewing eye (log 10 BCEA ¼ À0.20 6 0.30) and when it was the covered eye in open-loop testing (log 10 BCEA ¼ 0.0004 6 0.50). In contrast, the position stability of the fellow eye was significantly better (P < 0.01) when it was the viewing eye (log 10 BCEA ¼À0.52 6 0.28) than when it was covered in open- The fixation stability of the amblyopic eye was worse (higher mean BCEAs) than that of the control subjects in all three viewing conditions; that is, its 95% inferential confidence intervals (ICIs) fell above the 95% ICIs of the control group. During binocular viewing and also when it was the viewing eye, the mean fixation stability of the fellow eye of patients was comparable to that of the controls; that is, their 95% ICIs overlapped. In the open-loop condition, however, the position stability of the fellow eye was worse (higher mean BCEA) than that of the covered eye of the controls (Fig. 3) .
For the amblyopia group, visual acuity and fixation stability did not exhibit significant correlations. However, the interocular difference in visual acuity (acuity deficit) did correlate significantly with the log 10 BCEA of the fellow eye during binocular viewing, r(11) ¼ À0.72, P ¼ 0.003, and moderately with the fellow eye's fixation stability during monocular viewing, r(11) ¼ À0.48, P ¼ 0.046. The interocular difference in visual acuity was not significantly related to the interocular difference in fixation stability or to the interocular difference in position stability during open-loop testing.
Fixational Eye Movements
Microsaccade Rate. For the control group, Friedman's two-way analysis of variance of the number of microsaccades per second in the three viewing conditions (binocular, monocular with right eye viewing, and monocular with left eye viewing) yielded a significant effect, v 2 r (2) ¼ 9.92, P ¼ 0.007. Post hoc comparisons with a Wilcoxon matched-pairs signed rank test found that binocular viewing produced a significantly lower rate of microsaccades than monocular viewing with the right (P ¼ 0.01) or with the left eye (P ¼ 0.002), and that there were no significant differences between the two monocular conditions. The mean rate of microsaccades was 0.46 (60.47)/s during binocular viewing and 0.72 (60.44)/s during monocular viewing with either eye.
For the amblyopia group, Friedman's two-way analysis of variance of the rate of microsaccades in the three viewing conditions (binocular, monocular with fellow eye viewing, and monocular with amblyopic eye viewing) yielded a nonsignificant effect of viewing condition. The mean rate of microsaccades in the three viewing conditions were: binocular (0.62, 60.49), monocular with fellow eye viewing (0.69, 60.42), and monocular with amblyopic eye viewing (0.85, 60.39).
Paired comparisons between the two groups, using a MannWhitney U test, in the binocular, right eye/fellow eye viewing, and left/amblyopic eye viewing conditions were not statistically significant. Figure 4 shows the data.
Microsaccade Amplitude. Because no significant differences between the right and left eyes were found, the controls' data were averaged and submitted to a one-way repeatedmeasures ANOVA of the three viewing conditions (binocular, monocular with right eye viewing, and monocular with left eye viewing). This analysis yielded a nonsignificant effect. The mean amplitude of the controls' microsaccades was 0.42 6 0.168.
For the amblyopia group, we also found no significant differences between the eyes. Their data were also averaged and analyzed with a one-way ANOVA of the three viewing conditions (binocular, monocular with fellow eye viewing, and monocular with amblyopic eye viewing), which yielded a nonsignificant effect. The mean amplitude of the microsaccades for the amblyopia group was 0.51 6 0.138. There were no statistically significant differences between the amblyopia and control groups in terms of microsaccade amplitude. Figure 5 shows the results.
Blinks. For both groups, there were no significant differences amongst viewing conditions in the number of blinks. Pairwise comparisons between the two groups in the binocular, right eye/fellow eye viewing, and left eye/amblyopi eye viewing conditions were also not statistically significant. During the 15 seconds of testing, the control and amblyopia groups made an average of 1.45 (61.34) and 2.01 (62.70) blinks, respectively. Both groups showed a significantly reduced number of blinks compared to those made by binocularly normal people while reading (~4) or watching videos (~5.6). 31 
DISCUSSION
The four major findings of this study were as follows: (1) patients with amblyopia exhibited a significant decrease in fixation stability (higher mean BCEAs) in the amblyopic eye during binocular and monocular viewing; (2) the fixation stability of the fellow eye was dependent on viewing condition: fixation stability was comparable to that of normal controls during binocular viewing and during monocular viewing when it was the viewing eye, but its position stability decreased significantly when it was covered (i.e., when the amblyopic eye was the viewing eye); (3) patients exhibited binocular summation with the fellow but not with the amblyopic eye; and (4) because the amblyopia and control groups did not differ in terms of the rate or magnitude of intrusive microsaccades, the decrease in fixation stability in the amblyopia group can only be attributed to slow eye drifts.
We found that patients with amblyopia exhibit reduced fixation stability as a result of slow ocular drifts. For the amblyopic eye, this was evident during monocular and binocular viewing; for the fellow eye, it occurred during open-loop testing. It has been shown that patients with amblyopia exhibit increased random internal noise and positional uncertainty. [32] [33] [34] [35] It is possible that because patients had difficulty localizing the target, the sensory signals used to trigger the field-holding reflex were degraded, resulting in increased ocular drifts. Although the precise mechanism for the decreased fixation stability remains to be elucidated, our findings provide further support that amblyopia is not only a visual/sensory disorder, it is also associated with abnormal ocular motor control 11 and altered visuomotor behaviors. [12] [13] [14] Binocular summation is a measure of the advantage of binocular performance relative to monocular viewing. For the binocularly normal controls, we found a binocular summation of fixation stability ratio of 1.91, which is higher than the value of =2 (1.41) attributed to the physiological summation of the two monocular signals. The value we found is consistent with those found in binocular summation of acuity, contrast sensitivity, and motion detection. 24, [36] [37] [38] For the amblyopia group, the fixation stability of fellow eye exhibited binocular summation close in magnitude to that of the controls (1.79). However, given that the difference between the binocular and monocular with the amblyopic eye viewing conditions was not statistically significant, we were unable to obtain a measure of binocular summation for the amblyopic eye. 39 One possible explanation is that the mechanisms of binocular summation are compromised in amblyopia. An alternate explanation, as Baker and associates demonstrated, 40 is that binocular summation is intact in amblyopia but that the contribution from the amblyopic eye during binocular stimulation is simply too weak to affect performance. Since we did not compensate for the different sensitivities between the eyes 40, 41 in the present study, the effects of binocular summation on fixation stability remain to be explored in amblyopia, although dioptric blur and contrast have been shown to have very small effects on fixation stability in observers with normal binocularity. 42 The difference between the monocular position stability of an eye when it is the viewing eye and when it is covered (openloop condition) is a measure of the effectiveness of corrective visual feedback and perhaps also of the quality of the fixation control signals originating from the viewing eye. In the control group, this effect (1.84) was as strong as the measure of binocular summation, but for the fellow eye in the amblyopia group, this value (4.01) was significantly larger. For patients with amblyopia, the best fixation stability was produced by the fellow eye in the binocular condition, but when the same eye was patched and the amblyopic eye viewed the target, the fellow eye exhibited, invariably, the worst position stability of the three viewing conditions.
For the amblyopic eye, the data showed no statistically significant advantage of the availability of corrective visual feedback. In other words, there was no significant difference between the position stability of the amblyopic eye when it viewed the target and when it was covered by the IR filter in the open-loop condition. There are two possible, perhaps not exclusive, reasons for this. First, the fixation stability of the viewing amblyopic eye could be degraded by factors such as reduced acuity and contrast sensitivity (although in the present study the high-contrast target was above their visual threshold), neural undersampling, and deficits in global contour segregation and integration.
9,43-45 Second, it is also possible that the contribution to fixation control from the fellow eye is not as strong as that of people with normal binocular vision. Research in animals [46] [47] [48] and in humans with amblyopia 40, 41, [49] [50] [51] has shown that the reduced binocularity in amblyopia is due to the functional suppression of input from the affected eye rather than to loss of binocular cortical neurons. It is unknown whether fixation stability is related to the extent of binocularity.
Hering's law of equal innervation 52 states that there are separate neural controllers for conjugate and vergence gaze changes and that each eye receives an identical neural command from each controller. It is still a matter of debate 37, 53 whether the covered eye's position stability is controlled by the innervation of the viewing eye according to Hering's law, or whether the two eyes have independent and learned neural controls, according to Helmholtz. 54 If its neural controls were independent, we would expect the covered fellow eye to have a position stability somewhat closer to that exhibited by the covered eyes of the control group; instead, for all the patients in the amblyopia group, the covered fellow eye exhibited the worst performance. In this sense, our fixation control data appear to support Hering's law.
Zhang and associates 55 have found significant correlations between visual acuity deficits and the relative deficits (normalized against the respective values obtained with controls with a 4-Hz-simulated nystagmus) in multifocal visual evoked potential, multifocal electroretinogram, and horizontal fixation stability. This suggests that the interpretation of neural or perceptual deficits in amblyopia should take into consideration the fixation instability of the eyes. In the present study, we only found a correlation between the patients' visual acuity deficit and the log 10 BCEA of the fellow eye viewing either binocularly or monocularly. That fixation stability and acuity show a significant relationship only for measures of the better eye has also been found in patients with age-related macular degeneration (AMD) 56 but, in contrast to the amblyopia group reported here, binocular fixation stability in AMD is determined by the better eye; that is, the fixation stability of the worse eye improves during binocular viewing, and the fixation stability of the better eye is the same regardless of whether viewing is monocular or binocular. The differences in etiology between AMD and amblyopia demonstrate that fixation stability is not a simple function of the reduction in acuity.
We showed that patients with mild to moderate amblyopia exhibited an ability to inhibit intrusive saccades comparable to that of people with normal binocular vision during fixation and under instructions to hold their gaze steadily, which is consistent with previous findings. [57] [58] [59] [60] Blinks, which could have also affected fixation stability, were found to be insignificant in number. In agreement with previous research, 16, 60, 61 we conclude that the differences in fixation stability between people with normal binocular vision and patients with amblyopia viewing with their amblyopic eye are due mainly to slow drifts rather than to the rate or amplitude of intrusive saccades. Recent research 62 has shown that in normal observers, both trained and untrained, the speed of ocular drift is the best predictor of fixation precision.
Ciuffreda and associates 20 have found differences in the amplitude and velocity of slow drifts among patients with amblyopia without strabismus, with constant strabismic amblyopia, and with intermittent strabismus with or without mild amblyopia, but the number and amplitude of microsaccades (some as large as volitional saccades) varied across participants. One important difference between their study and the present one is that, in the present study, all participants were given instructions to maintain a steady gaze as opposed to simply fixate. In another study, 58 the same authors found that patients with strabismic or anisometropic amblyopia produced a significant suppression of fixational saccades when instructed to maintain a steady gaze.
The size of the amblyopia subgroups in our study precluded statistical analysis of any differences in fixation stability, rate or amplitude of microsaccades, or blinks. Visual inspection, however, showed no obvious trends. Future research should focus on the analysis of drifts during monocular viewing, their effects on fixation stability over time, and their relationship to the degree and subtype of amblyopia. 63, 64 
